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Abstract 
The image of a projectile explosion shows the characteristics of multi-regional and uneven brightness distribution. 
The image brightness decreases from the centre to the edge area and the image appears to be blurred at edge. This 
phenomenon would affect the burst segmentation and the gravity centre location. By analyzing the brightness 
distribution and decrease of the burst image, it could be deduced that the uneven brightness distribution can affect the 
shape and the location of burst gravity centre. This paper focuses on the affect of region growing criteria of the 
brightness decrease diffusion on the segmentation and positioning of the burst. Furthermore, it proposes the criteria of 
dynamic growth, which iterate based on the gravity centre position distance of the adjacent region growing 
segmentation to realize burst image location. The test results show that the method is effective and with higher 
stability and reliability. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction
The image of a projectile explosion shows the characteristics of multi-regional and uneven brightness
distribution. The image brightness decreases from the centre to the edge in each region. Furthermore, the 
direction of the projectile causes the brightness diffusion to be uneven. In the target detection, it is 
necessary to design an appropriate image segmentation algorithm in order to get a better detection of the 
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target image with complex brightness distribution. Image segmentation is the key step from image 
process to image analysis, and it is also a basic computer vision technology. Gray-scale image 
segmentation is based on two properties of pixel gray value: discontinuity and similarity. In further 
explanation, discontinuity segmentation is mainly based on the gray gradient principle of the detection 
method. And the similarity segmentation method is mainly based on the region, such as threshold 
methods, spatial cluster methods, region growing, and splitting and merging. 
Since the burst point image is clustered and the edge of the target is highly diffused [2], the brightest 
pixel in the target image can be used as the seed pixel This method could solve the problem of multi-
regional distribution for the same burst point image, Therefore, under the condition of brightness 
decreasing diffusion, the region growing segmentation is proposed. With regard to the ambiguity of 
boundary between the target and the background caused by the diffusion of the target brightness, this 
paper proposes the dynamic growth criteria based on burst position for this problem. 
2. The Principle of Region Growing Segmentation 
The basic idea of region growing is to gather the set with similar pixels to form new regions [3, 4].The 
method are as follows: 
(1) Find a seed pixel as the starting point of growth for each region to be split. 
(2) Merge the neighborhood pixels which have the same or similar nature as the seed pixel into the 
area where the seed pixel is in. (The neighborhood pixels are determined according to predetermined 
criteria.)
(3) Continue the process above with the newly formed pixel as a seed pixel until no more pixels satisfy 
the condition to be merged in. 
So, a new region is generated by three issues operation, that are the selection of seed pixels, the 
determination of growth criteria and  the cancel condition [5, 6]. 
3. The Segmentation Principle of Region Growing Based on Brightness Decrease 
The standard region growing algorithm relies on the user's interactive input, and it is required to 
constantly adjust the growth criteria according to the results. The regional growth would not be completed 
if the parameter of threshold is too small or would be overgrown if it is too large. Therefore, this paper 
proposes the region growing algorithm based on brightness decrease, and design the growth criteria of 
brightness decrease, and the feature model of regional division is achieved according to the results of 
region growing adaptive, the differences of the adjacent model is compared and calculated to determine 
the brightness whether the region growing is decrease, and the growth criteria is adjusted dynamic to 
determine whether the region growing. The artificial interference is removed, and adaptive dynamic 
region growing is achieved in this algorithm. The block diagram of algorithm is shown by Fig 1.  
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Fig. 1. The principle of region growing based on brightness decrease 
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It is important to remove the image noise, since the prerequisite of region segmentation is the growth 
starting from the highest value pixel gray. Taking into account the need to remove the noise points of 
abnormal gray value (high or low), eight-neighborhood median filter is adopted, and the results are 
optimistic for abnormal pixels. It is also found that if the window of median filter is large, the edge of 
target image will be blurred, and it would easily cause error growth of pixels in judgments of growth. 
4.  Region Growing of Burst Images  
The burst image of projectile is shown in Fig 3. There are one area in Fig 3(a), and at least two areas in 
Fig 3(b). Regardless of the number of areas contained in the burst image, it is of high brightness and 
nearly circular. To be more specific, the centre is of high brightness, and its intensity gradually decreases 
as it approaches the edge. Furthermore, the burst image could have single high brightness area or many 
high brightness areas. Therefore, the detection of burst position is switched to the detection of high 
brightness area and the segmentation of high brightness areas if there exist more than one. The image can 
not be detected by common threshold algorithm because of the certain dynamic and unevenness of the 
image brightness. This paper introduces the region growing segmentation detection method based on the 
decreasing diffusion of brightness. The key idea is that after the brightness of image is divided into 
different levels, detect the highest brightness area and the second high brightness area successively until 
the difference of the calculation results of the geometry centre of the burst based on these two brightness 
areas respectively is less than a certain value. At the same time, calculate the gravity of each high 
brightness region, and obtain the burst geometric gravity by the comparison of them. 
4.1.  Region growing algorithm based on the decreasing diffusion of brightness 
Mark the high brightness point set with Ph，Ph ={P1h,…,Pkh}，where k is the number of high 
brightness points. The centre point of the ith high brightness cluster is presented by Hi (xc, zc). Set a new 
cluster with a high brightness point as its centre. Then, compare the points close to the centre point with 
the default threshold to determine whether to include them into the new cluster or not. Meanwhile, update 
the new cluster centre. Repeat the process for all high brightness points. After this process a cluster is 
formed. Then, select the next high brightness point in the points which are currently not included in the 
cluster and repeat the process until all the high brightness points are processed. The algorithm is 
illustrated as below: 
(1) Randomly choose a point Pjh∈Ph,and use it as the centre of Hi (xc, yc). Also, remove Pjh from Ph to 
Hi (xc, yc). Next, set Hi (xc, yc)= Pjh and Mi=1, where Mi is the number of the high brightness points in Hi
(xc, yc), i and j initial with 1, and Hi (xc, yc)initial with empty set. 
(2) For Pkh∈Ph (k≠ j), if Pkh ≤ Th , remove Pkh from Ph to Hi (xc, yc). Updated Mi and (xc, yc) with the 
following formula: 
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(3) Repeat step (2) for all the points in Ph, Deduce Hi (c, r) when this step is completed. 
(4) Modify i and repeat steps (1) to (3). Search for the next cluster in the remaining points in Ph until Ph
is empty. 
(5) Compare the distance between the gravity centers of the adjacent light diffusion region. If it 
exceeds the limit value, stop the brightness decrease growth. Otherwise, it is iteration with brightness 
decrease growth. 
4.2.  Burst image analysis and processing  
In Fig 2(a) the burst point image contains only one region, the algorithm above is used to process the 
burst image with a pre-defined seed point. Therefore, we could connect and segment the target region and 
calculate the coordinate of the gravity centre of the projectile burst point image. As the maker of “+” 
shown in Fig 3(a), the gravity centre calculated is more accurate. 
For Fig 2(b), the burst point image contains at least two regions. If the higher brightness value is set as 
the seed point, only the larger connected region can be found. Therefore, for the multi-zone burst point, 
due to the inconsistency of maximum brightness and the level of the decreasing diffusion of brightness 
for each region, it is a key to determine the seeds and the brightness decreasing step of each region. The 
algorithm is designed of regions growth in turn, which realizes growth of multi-zone. Firstly, process the 
burst image of Fig 2(b) with the algorithm to reach the connectivity and the segmentation of the higher 
brightness region in the image. Secondly, scan the remaining region. If the number of the points which 
are different from the background brightness is beyond a certain value, establish a new seed point region 
which is grown with the algorithm above. Repeat search until no more new regions can be used as seed 
points. Finally, calculate the gravity centre of the connecting target area, we could obtain the 
segmentation and the position of the burst point. The mark “+” are shown as the gravity centers in figure 
3(b). 
        
Fig. 2 (a) Image of burst point with one region;                           (b) Image of burst point with two regions 
        
Fig. 3 (a) The processed image of Fig. 2 (a);                                (b) The processed image of Fig. 2 (b) 
5. Conclusion  
According to the specificity of the region and intensity distribution of burst image, this paper presents 
burst image segmentation algorithm based on brightness decrease diffusion. Due to the ambiguity of its 
boundary contour, it is hard to accurately design the commonly used region growing criteria. Therefore, 
2592  Jing Li et al. / Procedia Engineering 15 (2011) 2588 – 2592Jing Li,Zhiyong Lei,Xinmin Wang / Procedia Engineering 00 (2011) 000–000 5
an appropriate growth criteria is designed which combines brightness decreasing diffusion iterative and 
the segmentation method. This algorithm not only preserves the advantages of region growing, but also 
realizes growth criteria dynamic chosen, which effectively ensure the integrity of segmentation region. 
Experimental results show that the method can achieve good segmentation results.  
In spite of the appropriate results that the algorithm produces, the region growing criteria are adaptively 
adjusted according to the coordinate of gravity centre of the burst image. There is some reference to other 
image region growing, but it needs modelling analysis based on specific conditions to determine the 
growth criteria. 
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